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The value of the embryonated  egg for investigations of many biological prob- 
lems is becoming increasingly  apparent.  For example, it has found application 
in studies on the production and propagation of numerous human and animal 
viruses (1-11), the evaluation of various bacteriostatic agents (12-14), the de- 
termination of tissue toxicity of newly synthesized compounds (15, 16), and 
investigations on malignant cell pathology (17-20).  Many of the physical and 
chemical changes accompanying growth of the chick embryo and development 
of its extra-embryonic membranes and fluids are now known.  Eh values in 
the normal chick embryo (21, 22), pH determinations on normal allantoic fluid 
(23-25), biometrical studies of embryo length-weight relationships (26--28), and 
chemical analysis of embryonic tissues  (29-31)  have been reported.  It has 
been established  that  the  amount  of  tissue,  the  pH  of  the  surrounding 
medium, and the oxidation-reduction  potential of the system in which a virus 
is propagated are factors influential in the maintenance of optimal growth 
conditions (32-35). 
The purpose of this paper is to report investigations of the pH and Eh values 
of aUantoic fluids from fertile eggs infected with influenza virus, and to compare 
these values with the pH and Eh values obtained using non-infected eggs. 
Materials and Mahods 
Eggs.--White Leghorn eggs, received at weekly intervals from a single hatchery, 
were used throughout this series of experiments.  Since  there was considerable  varia- 
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tion in size and weight  (36-39), it was decided to use only eggs  falling within the 
range of 53 to 65  gm., which  represents  a  deviation of  approximately one  sigma 
from the mean of 208  observations.  All eggs, turned twice  daily, were  incubated 
at 37°Cq-0.5°C  in a  forced-draft electric incubator at a  relative humidity of 55  to 
60 per cent  (40).  Fertility ranged from 80 to 85 per cent. 
"Days of Incubation."--In considering the relationships of physicochemical changes 
to the incubation period, it is important that the expression "days of incubation" be 
clearly defined.  Marked variations were found in the embryo weights of eggs incu- 
bated for identical periods of time.  Since the actual age of a given embryo is difficult 
to establish, the weight of the embryo has been adopted as an index of embryonic 
maturation.  All statements in this paper as to "days of incubation" are therefore 
based upon the weight of an embryo falling within one sigma of the mean weight of a 
group of embryos incubated for a known number of days. 
Virus Inoculum.--The inoculum for all eggs consisted of 0.1  ml. of a  10  -3 saline 
dilution of PR8 egg-passage virus having a red blood cell agghitin~tion titer of 1 : 1280 
(41).  Undiluted samples of this virus were kept at  -72°C. in individual lusteroid 
tubes, a separate tube being used each day.  In this manner it was possible to avoid 
titer loss due to repeated freezing and thawing. 
Method of Inoculation.--The  position of the embryo was marked during candling of 
the eggs.  After cleansing of the shell with 1 per cent lysol, a small puncture was made 
with a sharp dissecting needle both above the air space and through the embryo posi- 
tion outlined on the side.  The inoculation of virus was made through the lateral 
opening into the allantoic cavity by means of a tuberculin syringe and needle.  The 
puncture holes were then sealed with paraffin and the eggs incubated for an additional 
48 hours. 
Methods of Harvesting Allantoic Fluids.--The aUantoic fluid was removed in one of 
two way% depending upon the age of the embryos: 
(a)  For the 9 day eggs, following removal of the shell over the air space, the chorion 
was stripped from  the allantoic membrane,  exposing the vascular network.  With 
reasonable caution it was then possible to remove the allantoic membrane without 
excessive bleeding.  A small thimble of copper screen, which had been dipped into an 
acetone-cellulose  mixture and dried, was gently lowered into the aUantoic cavity.  The 
thimble rapidly filled with the fluid, thus making it possible to remove the maximum 
amount of allantoic fluid with a glass syringe. 
(b)  For the older eggs the chorio-allantoic membrane was carefully removed and 
the allantoic fluid poured into a sterile Petri dish, from which it was introduced into 
the specimen cup of the instrument.  Less than a minute's time was required for the 
complete operation.  Fluids contaminated with yolk, excessive amounts of blood, or 
amniotic fluid were discarded.  The presence of small amounts of red blood cells in the 
fluids being tested did not alter or affect the accuracy of the measurements materially, 
as determined by a comparison of bloody fluids before and after centrifugation. 
Method of Measuring Eh and pH.--The determinations of pH and Eh were made 
simultaneously by the use of two Beckman Laboratory Model G vacuum-tube elec- 
trometers.  Roblin and Bell (42) found this type of instrument to be accurate to plus 
or minus 3 inv., which is acceptable for measurements of biological materials (43). 
The effect of polarization in this instrument is eliminated since the grid current is only U.  S.  NAVY MEDICAL RESEARCH UNIT  NO.  1  587 
10-'" amperes.  The instrument is sensitive to 0.01 pH units with a working accuracy 
of 0.05 pH units.  By using a common lead (44) from the single calomel electrode to 
the terminals of the two amplifiers,  it was possible to use one of the instruments for pH 
and the other for Eh measurements. 
_ooo 
Fro. 1.  Schematic diagram of the electrode assembly.  (1)  lusteroid cup; (2)  500 
ml. pyrex beaker; (3) stainless steel  holder; (4) glass electrode; (5) saturated calomel 
electrode; (6)  bright platinum  electrode;  (7)  suction;  (8)  thermometer;  (9)  distilled 
water inlet; (10) specimen inlet; (ll)  double contact bulb;  (12) sealed-in pyrex tube; 
(13) plastic bar. 
Fig.  1 (45-52)  shows the arrangement of apparatus.  The calomel and the glass 
electrodes were those supplied with the Beckman meters.  The calomel half cell is of 
the saturated KC1 type, which at 30°C. has an Ec value of 0.2420  (53).  The glass 
electrode contains a reference fluid and an inner electrode, a system which is known to 
us only as formula "Beckman 290" (54).  This electrode arrangement simulates the 
activity of a quinhydmne half cell.  The glass membrane is constructed from a mate- 588  pH  AND Eh  O~  NO~  AND IN]~LEFENZA-INFECTED  EGGS 
rial similar to Corning 015.  The platinum electrode, constructed in this laboratory, 
consisted of a wire, 7 ram. long, formed into a loop and fused into a pyrex tube with 
the aid of a soft glass bead.  The wire leading from this electrode made contact with 
the platinum  by means of a  mercury junction. 
External electrostatic forces were prevented from influencing the measurements by 
housing the electrode assembly within a shield constructed of fibre board and copper 
screen  (49)  (Fig.  2).  The  copper shielding  extended  into  the Beckman  electrode 
chambers by means of "tunnel" extensions (Fig. 3).  The entire assembly rested on a 
grounded galvanized iron base (50).  High tension automobile cable leads, suspended 
by means of plastic insulators, provided an added precaution against internal voltage 
leakages.  The portions of the electrodes protruding from the chamber were coated 
with paraffin (52). 
A liter container suspended on the outside of the housing and leading into the speci- 
men cup provided distilled water for washing the electrodes.  A suction line leading to 
the bottom of the specimen cup enabled removal of the specimen and washings without 
the necessity of disturbing the electrode assembly.  In this manner, it was possible to 
wash the electrodes 5 to 6 times in less than a minute.  The electrodes, the tubes for 
the wash water and suction, the thermometer, and the specimen inlet tube were sealed 
into a plastic disc ground to fit a lusteroid tube 3 cm. in diameter.  This was immersed 
in an oil bath maintained at a temperature of 30°C., plus or minus 0.5°C. 
The influence of air, nitrogen, and carbon dioxide was investigated by exposing the 
surface of the liquid specimen to these gases.  The CO~ resulted in a rapid rise in oxida- 
tion-reduction potential and a drop in pH due to the accumulating carbonic acid.  The 
subsequent introduction of N~ gas caused the pH to return to its original value, and the 
Eh dropped below the equilibrium value as determined under atmospheric conditions. 
It was therefore felt that a normal atmosphere of air would give results most closely 
approximating the true conditions of oxidation-reduction existing in the non-infected 
allantoic fluid. 
The instruments were permitted to warm up for an hour before use.  Before each 
series  of runs, the meters were  calibrated with 0.05 ~  acid phthalate  (pH 3.97)  and 
0.1 M phosphate buffer (pH 7.0).  In practice, observations on each sample were made 
at 10 minute intervals until less  than 4 mv. variation was obtained in successive read- 
hags.  Immediately following removal of each allantoic fluid sample from the egg, an 
aliquot was introduced into the specimen cup and  measurements made as described 
above. 
EXPERIMENTAL 
Embryo, Weight-Age Relationship.--Each embryo upon  removal from the 
shell was placed on filter paper to remove excess fluid, and then measured from 
"crown to rump" to the nearest 0.5 mm.  Weighings were made to the nearest 
10 rag.  The values obtained for the weights of non-infected embryos are shown 
in Table Ia and are plotted in Fig. 4.  Similar data recently published by Walker 
(23) are included for comparison.  The observation of Lerner and  Gunns (37) 
that total egg weight bears no relation to the weight of the developing embryo 
was confirmed by the results of routine weighing of all eggs prior to incubation 
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FIG. 2.  Apparatus used for determining Eh and pH of  allantoic fluids. 
In addition it was found that embryos from infected eggs weighed consistently 
less than non-infected embryos.  This reduction in development was equivalent 
to approximately 12 hours' normal growth.  From an inspection of the results 590  pH  AND  Eh  or  NORMAL  AND  INFLUENZA-INFECTED  EGGS 
for infected and non-infected embryo weights (Fig. 5) itappears that the propor- 
tional decrease in weight as a result of virus infection was relatively constant 
throughout the period tested.  (See Table  Ib.) 
pH Values  of Non-Infected  Allantoic  Fluids.--The values obtained for non- 
infected allantoic fluids from eggs of different ages are shown in Table IIIa and 
graphically illustrated in Fig.  6.  For purposes of comparison,  Walker's  (23) 
and Yamada's  (24) data are also included.  The middle portions of the curves 
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FIG. 3.  Insulated housing showing screened tunnels. 
show a striking similarity in slope; our data, however, show consistently higher 
values for each day.  Such differences may be accounted for by variations in 
eggs, apparatus, and technics used.  The relatively constant pH of young eggs, 
9 to 12 days old, is clearly brought out in this series of observations.  From this 
period on through the 17th day, the drop in pH was rapid and consistent.  There 
are abrupt deviations from the curve appearing on the llth and the  18th day, 
followed by a return to the previous slope at the 12th and 19th days.  A  similar 
observation is apparent in Walker's (28) findings for this period of development. 
An analysis of variance (55) calculated on these data (Table IIIb) confirms the 
obvious impression of the graph that the pH of non-infected allantoic fluids is 
a function of the age of the embryo. 
Eh Values of Non-Infected Allantoic Fluids.--Eh is the potential of an indiffer- TABLE Ia 
Embryo Weights of Non-Infected Eggs 
Time of incubation  ~No.  o| observations  Weight range  Mean weight  Mean weight  (Walker (23)) 
days 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
26 
21 
20 
30 
39 
12 
16 
10 
7 
7 
1.28-  1.58 
1.68- 2.12 
2.35-  3.03 
3.52- 4.58 
4.91- 6.11 
6.14--  8.36 
9.32-11.27 
10.68-14.96 
14.25-15.11 
16.64-18.80 
22.28-27.48 
1.38 
1.90 
2.69 
4.05 
5.46 
7.25 
10.29 
12.82 
14.93 
17.72 
24.88 
gfa. 
1.44 
1.88 
2.89 
3.65 
5.41 
7.72 
10.69 
12.67 
15.22 
17.58 
21.13 
TABLE Ib 
Embryo Wdghts of Infected Eggs 
Time of incubation 
dGys 
11 
12 
13 
14 
15 
16 
17 
No. of observations 
10 
16 
11 
14 
8 
14 
8 
Weight range 
gm. 
2.21- 2.84 
3.00-  4.07 
3.14--  5.13 
5.40-  7.42 
7.92-  9.18 
9.21-13.45 
12.21-15.55 
Mean weight 
gm. 
2.49 
3.45 
4.35 
6.33 
8.41 
10.64 
13.94 
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FIG. 4.  Relation of embryo weight to age.  e, Navy Medical Research Unit No. i 
data from Table I; x, Walker's data  (28). 
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TABLE II 
Comparison of Embryo Weights  from Yumbo and Experimental Eggs 
Eggs* 
Experimental ...................... 
Jumbo ............................ 
Weight 
range 
gm° 
53-63 
69-82 
Mean  Time of 
weight  incubation 
gr~.  days 
57.6  10 
14 
75,9  10 
14 
No. of 
observation., 
26 
39 
5 
5 
Embryo 
weight 
grn. 
1.90 
7.25 
1.96 
7.71 
* Eggs were weighed prior to incubation. 
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ent electrode referred to that of the standard hydrogen electrode, Eo, and is a 
measure of intensity of oxidation-reduction  rather than an expression of quan- 
tity.  Throughout this report the intensity  of the oxidation-reduction  potential U.  S. NAVY  MEDICAL  RESEARCH  UNIT  NO.  1 
TABLE  IIIa 
pH of Non-Infected Allantoic Fluid 
593 
days 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
Time of  No. of 
incubation  observation*. 
16 
23 
16 
19 
25 
33 
10 
16 
10 
7 
7 
pH range 
7.16--8.18 
7.24--8.13 
7.22-8.12 
7.45-7.96 
6.00-8.19 
5.84--7.92 
5.61-7.63 
5.31-7.40 
4.99-6.35 
4.88-6.38 
4.75-6.29 
Mean pH 
7.86 
7.85 
7.70 
7.71 
7.53 
7.25 
6.86 
6.19 
5.64 
6.17 
5.56 
0.432 
0.248 
0.334 
0.337 
0.407 
0.565 
0.630 
0.534 
0.534 
0.534 
0.238 
Mean pH 
(Walker 
(23)) 
7,.53 
7.49 
7.31 
7.39 
7.39 
6.79 
5.87 
5.75 
5.60 
5.71 
5.55 
Mean  pH (Yamada  (v.)) 
7.68 (8 day) 
7.33 
7.41 
5.70 
5.67 
5.72 
* Standard deviation calculated according to the formula for small samples. 
TABLE IIIb 
Analysis of Variance: pH of Non-Infected Allantai¢ Fluids 
Time of incubation 
days 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
Total .... 
Source of variation 
Total .... 
Between  means  of 
days. 
Within days  .... 
No. of observations 
16 
23 
16 
19 
25 
33 
10 
16 
10 
7 
8 
183 
Degrees of 
freedom 
182 
10 
172 
Sum of 
observations 
125.85 
180.65 
123.24 
146.60 
188.34 
238.40 
68.65 
99.04 
56.43 
43.20 
44.52 
1,314.95 
Sum of squares 
I3,7.62 
99.78 
37.84 
Mean of observations 
7.86 
7.85 
7.70 
7.71 
7.53 
7.25 
6.86 
6.19 
5.64 
6.17 
5.56 
7.18 
Mean squares 
0.756 
9.978 
0.220 
F* 
F  ---- 45.31 
* F  ---- ratio between two independent and unbiased estimates of the variance of a variable 
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FIG. 6.  Comparison of dam on  pH-age relationship.  ,  data from  Table 
IIIa; ....  , Walker's data (23);  , Yamada's data (24). 
of the system under investigation willl~e indicated by "Eh. ''1  Since the appara- 
tus employed in our determinations utilized a calomel half cell with a potential 
In 1923 Clark and Cohen (56) suggested the use of the expression "redoxpotential," 
or "rH," defined as the logarithm of the reciprocal of the hydrogen pressure.  In terms 
of rH and pH, Eh (at 30°C.) is equivalent to 0.03  (rH-2pH).  This equation presumes U.  S.  NAVY  MEDICAL  RESEARCH  UNIT  NO.  1  595 
TABLE IVa 
Ek Values  for Non-Infected Allal~oic, Fluids 
Time of  No. of 
incubation  observations  Eh range  Mean Eh  ~* 
days 
9 
10 
11 
12 
13 
14 
15 
16 
17 
15 
20 
13 
17 
25 
29 
9 
15 
10 
~olls 
+0.250 to +0.325 
--0.271 to +0.270 
+0.251  to +0.301 
--0.271 to +0.274 
--0.286 to +0.311 
+0.252 to +0.322 
+0.243 to +0.282 
+0.262 to +0.334 
+0.252 to +0.334 
~ol~s 
+0.292 
--0.003 
+0.268 
--0.051 
+0.083 
+0.285 
+0.267 
+0.307 
+0.312 
0.042 
0.274 
0.023 
0.268 
0.105 
0.284 
0.025 
0.025 
0.026 
* # calculated according to formula for small samples. 
TABLE IVb 
Analysis of Variance: gh of Non-Infecled Allantois Fluids 
Time of iacub*fioa 
days 
9 
10 
11 
12 
13 
14 
15 
16 
17 
Total... 
Source of variation 
Total .......  i 
Between  means  of 
days 
Within means. 
No.  of 
observations 
15 
20 
13 
17 
25 
29 
9 
15 
10 
153 
Degrees of 
freedom 
152 
8 
144 
Sum of observations 
4.38 
0.06 
3.49 
0.86 
2.09 
8.29 
2.41 
4.61 
3.12 
29.31 
Sum of squares 
6.50 
2.90 
3.60 
Mean  of  observations 
0.292 
0.003 
0.268 
0.051 
0.083 
O. 285 
0.267 
0.307 
0.312 
0.179 
Mean  squares 
0.0427 
0.3634 
0.0250 
F* 
F  =  14.52 
* F  == ratio between two independent and unbiased estimates of the variance of a variable 
which is normally distributed (63). 
a direct relationship between the oxidation-reduction potential, the hydrogen ion con- 
centmtion, and the hydrogen  pressure.  However, since  biological fluids are usually 
well buffered, and since alterations in Eh due to the pH in these systems are negligible 
(43), the term "redox potential" is to be avoided  (57). o3 
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FIO. 7.  Eh-age relationship of non-infected and infected allantoic fluids. 
non-infected series;  ....  , infected series. 
(Ec) of 4-0.2420 my., the voltage reading of the potentiometer (E) was corrected 
by this figure in order to find the true Eh value: 
Eh =  E  -- 0.2420. 
The values for the Eh of certain portions of the chick embryo have  already 
been determined.  Friedheim (21) studied the oxidation-reduction potential of U.  S.  NAVY  MEDICAL  RESEARCH UNIT  NO.  1  597 
TABLE Va 
ptt Value~  for Infected Allantoic Fluids 
Time of incubation  No, of observations  pH range  Mean pH  e* 
days 
11 
12 
13 
14 
15 
16 
17 
10 
16 
11 
14 
8 
15 
9 
6.94-7.51 
7.34-7.83 
7.11-7.85 
6.81-7.78 
7.09-7.36 
6.50-7.65 
6.45-6.99 
7.27 
7.54 
7.52 
7.38 
7.25 
7.07 
6.82 
0.347 
0. 229 
0.406 
0. 290 
0.381 
0.387 
0.378 
* ~ calculated according to formula for small samples. 
TABLE Vb 
Analysis of Variance: pH of Infected Allantoic Fluids 
Time of incubation 
days 
11 
12 
13 
14 
15 
16 
17 
I 
!  No. of observations 
10 
16 
11 
14 
8 
15 
9 
Sum of 
observations 
72.76 
120.66 
82.81 
103.34 
58.07 
106.11 
61.45 
Mean of observations 
7.27 
7.54 
7.52 
7.38 
7.25 
7.07 
6.82 
Total  83  605.20  7.29 
Source of variation 
Total, .. 
Between  means  of 
days. 
Within  means  of 
days. 
Sum of 
squares 
10 
4 
6 
Degrees  of 
freedoml 
82 
6 
76 
Mean of squares 
0.12 
0.66 
0.79 
F* 
F---  1.19 
* F  =  ratio between two independent and unbiased estimates of the variance of a variable 
which is normally distributed (63). 
chick  thymus  macerates,  using  Michaelis'  mercury  electrode.  Pavlov  and 
Issakawa-Keo  (22),  using the platinum  electrode,  investigated  the Eh  of the 
avian yolk and white. 
The  Eh values found for non-infected allantoic fluids in our egg series are 
shown in Table IVa and are plotted in Fig. 7.  Although there is overlapping 598  pH  ~D  Eh  OF  ~OR~L A~D IZ,r~T.UEZ~ZA-n~.CT~.D  ~GGS 
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I~G. 8.  pH-age relationship of non-infected and infected aUantoic  fluids; 
non-infected series; .....  , infected series. 
of individual values among the days of incubation, statistical treatment of the 
data by the method of analysis of variance  (Table IVb), indicates that the 
means differ significantly among themselves; i.e., the means vary more than 
would ordinarily be expected if they were drawn at random from a homogeneous U.  S.  NAVY M~DICAL RESEARCH UNIT NO.  1  599 
population of eggs.  Therefore, there is some indication  that Eh of non-infected 
allantoic fluids is dependent upon the age of the embryo. 
TABLE Via 
Eh  Values  of  Infected  Allantaic  Fhdds 
Time  of 
incubation 
days 
11 
12 
13 
14 
15 
16 
17 
No. of 
observations 
10 
16 
11 
14 
8 
15 
9 
Ell range 
rolts 
--0.288---0.382 
q-0.296---0.382 
-t-0.312---0.366 
-I-0.342---0.420 
--0.261---0.387 
+0.334---0.371 
--0.277---0.372 
Mean Eh 
--0.333 
--0.217 
--0.255 
--0.245 
--0.300 
--0.244 
--0.325 
q$ 
0.054 
0.240 
0.174 
0.174 
0.029 
0.243 
0.027 
Sq calculated according to formula for small samples. 
TABLE VIb 
Analysis of Variance: Eh of Infected Allantoic Fluids 
Total. 
Time  of incubation 
days 
11 
12 
13 
14 
15 
16 
17 
No. of 
observations 
10 
16 
14 
14 
8 
15 
9 
86 
Sum of 
observations 
--3.33 
--3.48 
--3.57 
--3.47 
--2.40 
--3.67 
--2.93 
--22.85 
Mean of observations 
--0.333 
--0.217 
--0.255 
--0.247 
--0.300 
--0.244 
--0.325 
--0.265 
Degrees of  Source of variation  freedom 
Total.  85 
Between means of days.  6 
Within means.  79 
Sum of squares 
2.85 
0.10 
2.75 
Mean  squares 
0.0335 
0.0166 
0.0347 
F* 
F  =  2.09 
* F =  ratio between two independent  and unbiased estimates of the variance of a variable 
which is normally distributed (63). 
pH Values of Infected Allantoic Fluids.--The  experimental data for the pH 
values of infected allantoic fluids are shown in Table Va and illustrated in Fig. 
8.  The variation between means of different age eggs in this series is consider- 
ably less than in the non-infected group.  Analysis of variance of the data re- 
veals that variation between individual  eggs is such that the differences between 600  pH  AND  Eh  OF  NORMAL  AND  IN~FLUENZA-INFECTED  EGGS 
pH at the various ages do not appear significant (Table Vb).  In other words, 
the pH of allantoic fluids of eggs 48 hours after infection is more a function of the 
presence of the virus in the egg than of the age of the embryo. 
Ek Values of Infected Atlantoic Fluids.--The Eh values obtained from infected 
allantoic fluids indicate the existence of a state of marked reduction (TableVIa). 
This is similar to the reduced state of the potential usually found in bacterial 
cultures (43).  The wide range of values within any 1 day is due to the occa- 
sional Eh on the positive side; however, the mean values for all days are defi- 
nitely of a negative potential. 
DIS  CUSSION 
It is evident that for the first half of the embryonic development the pH range 
is on the alkaline side just above neutrality.  After the 14th day there is a con- 
sistent decrease of the pH to a mean of 5.56 on the  19th day.  Needham (26) 
has offered chemical data which logically explain this increasing acidity.  He 
quotes workers who have shown that as the embryo develops there is an increase 
in the uric acid level, a reduction of the calcium and phosphate buffer salts, and 
an increase in the COs tension and H2CO3 content.  All these factors tend to 
lower the pH of the allantoic fluid. 
The determination of the Eh in biological systems is as yet difficult.  We 
found it necessary to take a  number of readings on each specimen before the 
potential reached equilibrium.  Conant (58) found the same situation to exist 
in  methemoglobin systems.  Gortner  (59) points  out  that many oxidation- 
reduction potentials are not stable and achieve equilibrium very slowly. 
From Fig. 7 it can be seen that there is no consistent and definite trend as to 
the direction of the potential in the non-infected allantoic fluids of the chick 
embryo throughout the series tested.  However, from the 14th day on, the po- 
tential remains strongly positive.  Statistical analysis of the data obtained for 
the values of the Eh for each day indicates that the differences between the 
means are greater than could be expected by chance variation, and it must be 
concluded that the oxidation-reduction potential of the allantoic fluid is defi- 
nitely correlated with the age of the embryo. 
On the other hand, examination of'the results obtained for the Eh of  the 
infected allantoic fluids reveals a markedly altered situation.  The mean Eh for 
each day examined exhibits a  definitely lowered potential (Table VIb).  The 
analysis of variance calculated for these data shows a lack of significant differ- 
ences between the mean values for the days of incubation.  The value  of F 
indicates that the variation between the means of the various days is within the 
range of a sample drawn from a homogeneous population.  It appears, there- 
fore, that the establishment of an influenza virus infection within the egg con- 
sistently brings about a reduction of potential in the allantoic fluid regardless of 
embryonic age.  The standard error of the difference of means between the U.  S.  NAVY  MEDICAL  RESEARCH  UNIT  NO.  1  601 
Eh values of non-infected  fluids and those of the infected fluids shows that such a 
difference would occur by chance approximately but once in 370 times. 
The influence of the electromotive potential of the medium on the growth of 
viruses and rickettsiae has given rise to many interesting experimental ap- 
proaches to the problem of increased titer of a virus in vitro by including sub- 
stances with a high negative potential, such as cysteine, arginine, and sodium 
sulfite (60-62).  It is possible that the incorporation of reducing agents in the 
embryonated egg may result in increased virus production.  This might per- 
haps be achieved by using a reductant combined with the virus inoculum, or by 
the introduction of a selected reducing agent into the egg at intervals during the 
growth of the virus. 
SUMMARY 
1.  pH values of allantoic fluids from non-infected eggs showed a rapid drop 
from the 12th to the 17th day of embryonic development.  A definite age-pH 
relationship was shown to exist. 
2.  The allantoic fluid of eggs infected with influenza virus, contrasting with 
the non-infected eggs, revealed pH values which remained relatively stable 
about the neutral point at any age between 11 and 17 days.  No relationship 
between pH and age could be established, in the infected series. 
3.  The Eh value of the fluid  from non-infected eggs also exhibited a significant 
relationship to embryonic age.  The majority of the determinations revealed a 
positive potential. 
4.  Similar determination  on influenza-infected eggs  gave results of a  pre- 
dominantly negative potential, indicating a marked state of reduction accom- 
panying virus multiplication.  As with the pH determinations, the Eh values 
of infected eggs were not a function of their age. 
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